We studied the diversity of the photosynthetic microscopic epilithon overgrowing the concrete walls of a cooling tower of the power plant at Bełchatów, central Poland. Epilithon samples were collected from the open upper part of concrete walls of a cooling tower in March 2006 and examined in labs as dried material in September 2006, and again in March 2011. The aerophytic assemblages were strongly dominated by a nostocalean cyanobacterium, Scytonema myochrous C. Agardh ex Bornet et Flahault. Other cyanobacteria and algae occurred very sporadically and in low abundance. The trichome morphology of S. myochrous growing directly on the tower differs considerably from that of lab-cultured ones. Trichomes from field material were very long, conspicuously sheathed and dark brown, with relatively sparse ramification and with cylindrical cells and heterocytes. Trichomes cultivated in the laboratory were shorter and thicker, with thin, hyaline sheaths which were not layered; they were frequently ramified, and the cells and heterocytes were discoid. Besides Scytonema myochrous, the first revitalized cyanobacteria growing in laboratory conditions included Nostoc sp., Leptolyngbya gracillima (Zopf ex Hansgirg) Anagnostidis et Komárek, and Gloeothece rupestris (Lyngbye) Bornet in Witrock et Nordstedt. 
INTRODUCTION
Maintenance of the water cooling system is a serious technical problem for power station operations. The circulated water in it must not be contaminated by organic or inorganic solids. If the water used in the system is contaminated, the functional efficiency of these towers can be compromised, in some cases leading to a failure. In parts of the cooling system directly exposed to solar radiation, such as cooling towers, a huge biomass of phototrophic microorganisms can develop on solid substrates and then peel off. This is a nuisance familiar to power station operators, which can cause trouble in the plant's water recirculation system. In conducive conditions, cyanobacteria and algae, the main components of the biofilm present on the walls of cooling towers sprayed by water vapor, create an epilithon biofilm covering the whole interior side of the concrete wall with a layer several millimetres thick. To prevent or minimize technical problems in the circulation system caused by biofilm particles, periodically the epilithon crust must be mechanically removed from the cooling tower walls. Living organisms can also cause reduction of cooling performance and can damage the cooling technology (Hauer 2010) .
Such is the situation at the Bełchatów Power Station, located in central Poland. In this study we used a dry epilithon sample originally collected from the upper part of the tower during its maintenance. We analyzed the diversity of cyanobacteria and algae from dry field samples and also from material cultured in the laboratory from that sample. Such data from the Bełchatów Power Station are sparse. There is one unpublished analysis of the cooling system by Dobrowolski & Zawadzka (1992) (Hindák et al. 2011) .
Our knowledge of such a type of epilithon community is poor. Sládečková & Sládeček (1958) and Sládečková (1961) studied the periphyton of the cooling systems of several thermal power plants in the Czech territory of the former Czechoslovakia. However, they analyzed the periphyton only from the bottom parts of the wood-built cooling system, which used dripping water to remove the heat, and no nostocalean taxa were found. Recently, similar studies were performed by Hauer (2010), who investigated phototrophic biofilms in the upper parts of the interior walls of the concrete cooling towers in Bohemia, the Czech Republic. Phototrophic biofilms of seven cooling towers at four different plants were collected and studied in order to obtain information on the composition of the communities of these biofilms. Altogether, the author found four algal and twenty-five cyanobacterial taxa, among them some nostocalean types.
MATERIALS AND METHODS

Study site
The Bełchatów Power Station is Europe's largest CHP plant, situated near Bełchatów in Łódź Province, Poland (51°15'59"N; 19°19'50"E) (Fig.  1A) . After Kendal Power Station in South Africa it is also the world's second-largest coal-fired station. Its emissions are released from two stacks, each 300 m high, which are among Poland's tallest free-standing structures. There are six cooling towers of hyperboloid design (Iterson-type), about 200 m high and 100 m in diameter.
Methods
Epilithon algal samples were collected from the upper parts of the concrete walls of a cooling tower in March 2006 by the crew of Compact S.A. (Fig.  1B) . Unfortunately, only dry material was sent for our examination in September 2006. Dry material (Fig. 1C) Observations by light microscopy were made with a Leitz Diaplan microscope, and photomicrographs were taken with a Wild Photoautomat MPS45. Dry herbarium material (Fig. 1C) is stored at the Institute of Botany of the Polish Academy of Sciences in Cracow.
The morphology of cells, hormogonia and trichomes were studied in material cultured in BG-11 medium (Allen & Stanier 1968) in liquid state and in agar-solidified media maintained under constant illumination by fluorescent tubes and at 22-25°C.
RESULTS
The aerophytic assemblages in the dry sample were strongly dominated by the nostocalean species Scytonema myochrous C. The morphology and ecology of trichomes of S. myochrous growing directly on the concrete walls of the tower were in good agreement with the literature on this species (Geitler 1930 -1932 , Hollerbach et al. 1953 , Starmach 1966 , Kondrateva 1968 , John et al. 2002 . However, the trichome morphology of S. myochrous growing on the tower differed considerably from that of lab-cultured material. Trichomes from field material were very long, conspicuously sheathed and dark brown, with relatively sparse ramification and with cylindrical cells and heterocytes. Those cultured in the laboratory were shorter and thicker, with thin, hyaline sheaths, which were not layered; they were frequently ramified, and the cells and heterocytes were discoid (Table 1) .
Trichome morphology of Scytonema myochrous from dry field material Colonies were compact, membranous, cushionto crust-like, up to several millimetres thick, and dark brown to blackish green; they covered the whole upper surface inside the concrete cooling tower (Fig  1B,C) . The trichomes were very long, more or less curved or slightly bent, to irregularly or spirally curved, clumped together, entangled, and 8-10-(15) µm wide (Figs 1D, 2) . The sheaths were conspicuously developed, yellowish, brown to dark brown, up to 2.5 µm thick (rarely thicker), with divergent striations, broadly rounded to bluntly conical at the apex (Fig. 2) . The trichomes were relatively sparsely branched, and ramification was single or in pairs. The filaments were blue-green to olive brown, with a non-constricted cell at the cross walls. The cells were quadrate, barrel-shaped to short or long cylindrical, (4)-8-20 long and (3)-4-5 µm wide. The heterocytes were common, intercalar, short to long cylindrical, 5-11 × 4.5-7 µm (Fig. 3C ). Akinetes were not observed.
Trichome morphology of Scytonema myochrous from cultured material A few days after inoculation in nutrient solutions the majority of the filaments from dry material greened again (Fig. 3) . Trichomes in revitalized material were morphologically similar to the trichomes from field material but differed in some important features. The cells were bigger, and thus the hormogonia were more robust than originally vegetative trichomes (Fig. 3A) , and with slow gliding motility. Hormogonia and young trichomes (Fig. 3B) were solitary, straight, slightly bent or irregularly curved, (8)-10-15-(20) µm wide, blue-green to grey, and commonly false-branched. The branches were single or geminate (Fig. 3C,D) . The cells were short cylindrical, quadrate, barrel-shaped to discoid, (2.5)-3-6 µm long and (4)-8-20 µm wide. The sheaths were relatively thin, hyaline and not striated. The heterocytes were common, intercalar, discoid to short cylindrical, (3)-5-10 × 12-15 µm (Fig.  3B,C,D) . Akinetes were not observed. Table 1 Trichome morphology of Scytonema myochrous from a dry sample and from laboratory-cultured material six months after sampling. In laboratory conditions, all found cyanobacteria were able to revitalize from herbarium dried material six months after sampling, and even five years later. Besides Scytonema myochrous, the first revitalized cyanobacteria growing in laboratory conditions also included Nostoc sp. (Fig. 3A,B; 4D ), Leptolyngbya gracillima (Fig. 4C) and Gloeothece rupestris (Fig. 4A,B ). All these cyanobacteria have been successfully isolated into cultures, which are kept at the Institute of Botany SAS in Bratislava.
DISCUSSION
Both field-collected and lab-cultured materials are important for correct determination of species. Field material is needed for observations of the shape of colonies, trichomes and cells grown in natural conditions. Cultured material differs morphologically but is needed for additional analyses regarding, for example, the formation of hormogonia, mode of ramification, physiological properties or molecular taxonomy. Our findings add to the evidence that the two types of material can yield divergent data.
The ecology of epilithon microorganisms is extraordinarily specific. Although the open part of cooling towers has no contact with the cooling water, the walls are like a tropical wet wall -ideal for the colonization of several types of living organisms because of their relatively stable temperature, moisture, air flow, and supply of nutrients as compared with the natural environment (Hauer 2010). Hauer stated that most of the taxa were aerophytic species and most probably thermophilic; no aquatic type commonly present in the cooling water was recorded in the biofilms. He found a pantropical type of nostocalean cyanobacterium, Brasilonema sp., and also Scytonema (sect. Myochrotes), similar to what we found at Bełchatów.
